Introduction
There is good evidence for the efficacy of ocular pressure-lowering therapy for visual field preservation in patients with normal tension glaucoma. 1, 2 Typically, treatment with eye drops is the first choice for reducing intraocular pressure (IOP). Because of their powerful IOP-lowering efficacy, very few adverse reactions in the body, and convenience of once-daily administration, prostaglandin analogs are the drugs of first choice. However, there are adverse reactions to the eye drops, and in particular, injury to the surface of the eye due to benzalkonium (BAK) is a common problem. 3 Travoprost was one of the first BAK-containing prostaglandin analogs to be released. Subsequently, a BAK-free version of the drug was developed. Some studies have reported no significant difference in the IOP-lowering effect between BAK-containing and BAK-free eye drops. 4, 5 During follow-up, IOP in patients with glaucoma is examined to confirm the IOPlowering efficacy of eye drops, and the visual field is examined to confirm the existence or nonexistence of visual field defect progression. Normal tension glaucoma is a chronic progressive disease; however, visual field defect progression is usually slow. Therefore, evaluation is not easy, and longterm follow-up is required. There are many methods used to evaluate the progression of visual field defects, including clinical judgment, the criterion method, the staging method, linear regression analysis (trend analysis), and event analysis. Because the evaluation methods for visual field defect progression differ, progression is extremely difficult to assess.
In the present study, we prospectively evaluated the changes in IOP and progression of visual field defects over a 3-year period while administering BAK-free travoprost eye drop monotherapy in patients with normal tension glaucoma.
Materials and methods
We studied 76 eyes from 76 patients (33 men and 43 women) diagnosed with normal tension glaucoma and prescribed BAK-free travoprost eye drop monotherapy from March 2008 through April 2009. There were no cases where other medications were used before administration of BAK-free travoprost. Subjects who fulfilled the diagnostic criteria and did not meet the exclusion criteria were followed-up for 3 years. Their mean age was 54.8 ± 13.9 (range 26-83) years. The diagnostic criteria for normal tension glaucoma were IOP under 21 mmHg measured several times (including during diurnal variation), glaucomatous optic disc (diffuse or focal thinning of the neuroretinal rim), and highly reliable and repeatable detection of an abnormal glaucomatous visual field. Exclusion criteria were as follows: corrected visual acuity of less than 10/20, a history of intraocular surgery, laser surgery, steroid therapy (local or whole body), or a disorder recognized by otorhinology or neurosurgery examination. In this study, one eye was considered one case; if both eyes of a patient fulfilled the diagnostic criteria and did not meet the exclusion criteria, the right eye was used.
BAK-free travoprost eye drops were administered once a day at night. Every 1-3 months, IOP was measured using the Goldmann applanation tonometer at almost the same time. Every 6 months, the visual field was tested using a Humphrey visual field 30-2 Sita-Standard test. Cases were excluded from the analysis if they were false-positive or false-negative, or poor fixation was over 20%. Adverse reactions were examined at every follow-up visit. The definition for discontinuation was the point where follow-up was not possible or where there were changes in eye drops because of appearance of adverse reactions or IOP-decreasing efficacy was inadequate. Furthermore, persistence with BAK-free travoprost eye drops was analyzed using the Kaplan-Meier method. The study aims and content were adequately explained to all patients, and consent was obtained before each examination was performed.
One-way repeated-measures analysis of variance and multiple comparisons (Bonferroni and Dunnett's test) were used to compare values at baseline and 6, 12, 18, 24, 30, and 36 months after treatment with BAK-free travoprost, as well as the mean deviation value and pattern standard deviation value for visual field testing (at baseline and at years 1, 2, and 3 thereafter). The significance level was set at P , 0.05. Trend analysis 6 and event analysis 7 were also used to evaluate visual field defect progression. For trend analysis, the index was expressed as the chronological change in mean deviation, which was analyzed by linear regression and was calculated on an annual basis. 6 Variation in mean deviation value (dB/ year) was calculated on an annual basis, and expressed according to its statistical significance. In the event analysis, the first two follow-up examinations were considered to be the baseline. 7 Baseline and subsequent examinations were subsequently compared. If deterioration beyond a certain level (P , 0.05) was recognized, the index was used to judge progression. Glaucoma progression analysis was used. If a significant decrease was documented at three or more adjacent measurement points and two times in succession, then the "possibility of progression" was confirmed. If a significant decrease was documented in three or more adjacent measurement points and three times successively, then "tendency to progression" was confirmed. In the present study, when a tendency to progression was confirmed, visual field defect progression was also confirmed.
Results
The background of the patients is shown in Table 1 . Evaluation of IOP was done for 46 cases and visual field evaluation was done for 37 cases. The mean IOP at each time point decreased significantly compared with baseline (P , 0.0001, Table 2 ). The mean deviation value for the visual field was similar between baseline and after treatment at each time point (P = 0.107, Table 3 ). The mean pattern standard deviation value for the visual field was similar between baseline and after treatment at each time point (P = 0.057, Table 3 ). Thirty of the original 76 patients dropped out of the study, and three cases in which Goldmann visual field perimetry was used and six cases for which reliable test results were not obtained more than 5 times were omitted from the study. Trend analysis and event analysis were performed in the remaining 37 cases. One case (2.8%) was judged to have a progression tendency in the trend analysis, and five cases (13.9%) were judged to have a progression tendency in the event analysis (Figure 1) . One case had visual field defect progression on both trend analysis and event analysis.
Thirty patients (39.5%) discontinued the eye drops during the 3-year follow-up period. The reasons for discontinuation were as follows: 16 patients stopped coming to the hospital, two had to change hospitals because of relocation, one discontinued the eye drops due to cataract surgery, one became pregnant, four added other eye drops because of inadequate IOP reduction, and six discontinued due to adverse reactions (three cases of eyelid pigmentation, one of hyperemia, one of eye discharge, and one of uveitis). No patient reported the appearance of deepening of the upper eyelid sulcus. The persistence rate with BAK-free travoprost is shown on Figure 2 , and was 77.6% after one year, 65.8% after 2 years, and 60.5% after 3 years.
Discussion
The IOP decrease and IOP decrease rate when BAK-containing travoprost eye drop monotherapy was administered long term (for more than 6 months) have been reported to be 2.5-9.3 mmHg and 16.1%-36.6%, respectively. [8] [9] [10] [11] [12] [13] [14] [15] However, the studies reported have included many cases of ocular hypertension, open-angle glaucoma, pigmentary glaucoma, and pseudoexfoliation glaucoma, [8] [9] [10] [11] [12] [13] with few cases of normal tension glaucoma 14, 15 as in the present study. For studies in which subjects had ocular hypertension, open-angle glaucoma, pigmentary glaucoma, or pseudoexfoliation glaucoma, the IOP decrease was 6.3-9.3 mmHg, the IOP decrease rate was 25.2%-36.6%, and IOP before treatment was 24.3-27.4 mmHg, which is a high value. [8] [9] [10] [11] [12] [13] In contrast, for two studies in which subjects had normal tension glaucoma, the IOP decrease was 2.5 mmHg 14 and 2.71 mmHg, 15 and the IOP decrease rate was 16.1% 14 and 18.3%. 15 However, there are no previous reports on the efficacy of long-term BAKfree travoprost eye drop monotherapy for lowering IOP. In the present study, IOP decreased by 2.9 ± 2.0 mmHg and the IOP decrease rate was 19.8% ± 17.8% after 3 years of treatment with BAK-free travoprost eye drops in patients with normal tension glaucoma. The results may be lower in studies that included subjects with ocular hypertension, open-angle glaucoma, pigmentary glaucoma, and pseudoexfoliation glaucoma; [8] [9] [10] [11] [12] [13] however, there may be no significant difference when the subjects have normal tension glaucoma. 14, 15 The reason for this is that, in the present study, IOP was lower before treatment (16.8 ± 2.6 mmHg) than in patients with ocular hypertension, open-angle glaucoma, pigmentary glaucoma, or pseudoexfoliation glaucoma (24.3-27.4 mmHg). [8] [9] [10] [11] [12] [13] There was no significant difference when compared with patients who had normal tension glaucoma (14.79-15.0 mmHg). 14, 15 Because there is a difference in subjects, treatment duration, and pretreatment IOP, we are not able to compare past reports of efficacy accurately. However, the results of the present study indicate that there is no significant difference in IOPlowering effect over a long period between BAK-free travoprost eye drops and BAK-containing travoprost eye drops.
There are reports of short-term administration of BAKfree travoprost for normal-tension glaucoma. 16 Nomura et al administered BAK-free travoprost for 1-2 months and IOP was measured 24 hours before and after treatment. 16 Mean IOP was 12.9 ± 2.2 mmHg at 24 hours before administration. IOP after administration (10.3 ± 2.0 mmHg) was significantly 18 Sawada et al administered BAK-free travoprost and latanoprost in a crossover manner for 12 weeks each, and there was no significant difference in IOP-decreasing efficacy. 17 Aihara et al switched patients from latanoprost to BAK-free travoprost and observed their IOP for 12 months. 18 IOP significantly decreased after treatment for one, 3, and 12 months compared with pretreatment levels. There have been reports of short-term administration in normal-tension glaucoma patients 16 and long-term reports of change on latanoprost 17, 18 but there have been no reports of long-term administration of BAK-free travoprost in patients with normal-tension glaucoma.
The reported adverse reactions for BAK-containing eye drops were conjunctival hyperemia, pain, discomfort, pruritus, visual acuity decrease, stinging, foreign body sensation, uveitis, hypertrichosis, periocular hyperpigmentation, superior sulcus deepening, and iris pigmentation. [8] [9] [10] [11] [12] [13] [14] [15] Adverse reactions in the present study (eyelid pigmentation, hyperemia, eye discharge, and uveitis) were the same as those in previous studies. [8] [9] [10] [11] [12] [13] [14] [15] Discontinuation rates due to adverse reactions have been reported to be 0%, 8, 9 0.1%, 10 4.5% 11 , 4.6%, 12 5.0%, 14 11.1%, 15 and 16.7%. 13 Because the treatment periods are different we cannot compare them; however, in our study, 7.9% of patients discontinued treatment because of adverse reactions, which is almost the same as the percentages in previous studies. [8] [9] [10] [11] [12] [13] [14] [15] The results of the present study indicate that there was no significant difference in the safety of BAK-free and BAK-containing travoprost eye drops.
There are no reports of visual field defects during longterm administration of travoprost eye drops. We compared the mean deviation and pattern standard deviation values of treatment for 3 years, and there was no difference before and after treatment. However, event analysis and trend analysis of each case showed progression in 13.9% and 2.8% of patients, respectively. In previous studies, we investigated visual field defects in patients with normal tension glaucoma treated with β-blockers using event analysis and trend analysis. 19, 20 In a 5-year follow-up of levobunolol eye drop administration, visual field defect progression was seen in 30% and 15% of patients in event analysis and trend analysis, respectively. 19 In a 5-year follow-up of treatment with nipradilol eye drops, visual field defect progression was seen in 16% of patients in both event and trend analysis. 20 The results of the event and trend analysis in the present study might be slightly better than previous ones. The reason for this is because the administration period was shorter in the present study (3 years) than in previous studies (5 years). 19, 20 Moreover, the IOP-lowering efficacy of treatment for 3 years in the present study (19.8% ± 17.8%) was slightly higher than that in previous studies (18.2% ± 12.8% 19 and 17.2% ± 10.3% 20 ). In conclusion, when BAK-free travoprost eye drop monotherapy was administered to patients with normal tension glaucoma for 3 years, IOP decreased significantly. However, there was visual field defect progression in 2.8%-13.9% of cases. Adverse reactions appeared in 7.9% of cases, and the eye drops were discontinued.
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